Abstract: In the present study, the regeneration pathway, especially the different events of somatic embryogenesis (SE) have been studied morphologically and biochemically in Catharanthus roseus. Firstly, the calluses were induced from different explant sources (hypocotyl, epicotyl and root) by using various auxins. Embryogenic and non-embryogenic calluses were identified based on their morphology, colour and dry weight. Embryogenic callus was later cultivated on MS added with 0.45 µM 2,4-D, 6.62 µM BAP and 1.44 µM GA3 for obtaining various developmental stages of embryos. Different stages of embryos have been assayed for the establishment of marker based embryogenesis, particularly on embryo specific proteins whose presence or absence will ensure a rapid and efficient production of embryos that has a special application to clonal biotechnology. Two embryo specific proteins (38 and 33 kD) have been identified for the first time in C. roseus during torpedo stage of embryogenesis. Besides, multiple shoot formation from in vitro raised emblings was also attempted to examine the role of BAP and kinetin for shoot proliferation. The shoots were rooted with 5.37 µM NAA and 5.71 µM IAA before transplantation.
Introduction
Catharanthus roseus (L.) G. Don is an important plant of medicinal importance. The propagation and its improvement have been made by traditional methods, which are either slow or with several limitations. Somatic embryogenesis (SE) has been considered as important scientific method that can faster crop's improvement research including alkaloid enhancement. However, owing to several biochemical and physiological barriers only a restricted number of C. roseus cultivars responded well in culture in producing embryos (Kim et al. 2004; Junaid et al. 2006 ) Aiming at better understanding of the SE events and to get improved embryogenesis attention has recently been paid to identify specific biochemical and molecular markers in several plants (Sung & Okimoto 1981; Sato et al. 1995; Dodeman & Ducreux 1996; Alexandrova & Conger 2002) . Chugh & Khurana (2002) demonstrated the use of specific proteins as markers and their usefulness in studies of gene expression during SE and undifferentiated cell growth. Although it has sometimes been believed that the differentiation of embryogenic cells is programmed by a pre-set developmental circuit, enough flexibility in generating embryos from fully matured cells was also noticed under controlled conditions, suggesting an effective gene expression reprogramming (Kitamiya et al. 2000; Yasuda et al. 2001) . The external stimuli like hormone shock and stress have been shown to play a central role in embryo associated gene expression in altering the synthesis of mRNA and DNA in a wide range of crops (Dudits et al. 1991; Pasternak et al. 2002; Ikeda-Iwai et al. 2003; Gaj 2004 ). The present study was conducted aiming to isolate embryo specific proteins that could be used as marker in C. roseus for fast in vitro propagation of plant.
Material and methods

Plant material
Catharanthus roseus (L.) G. Don seeds were obtained from the herbal garden of Jamia Hamdard (Hamdard University), New Delhi, India and were used as experimental material. Seeds were soaked in 350 mL jars containing 250 mL of tap water for 30 min, and surface sterilized for 5 min with 0.1% mercuric chloride supplemented with 3 drops of Tween-20. Finally, the seeds were rinsed four times with sterilized distilled water and germinated on half strength Murashige & 300 A. Ilah et al. Skoog (1962) 
Estimation of callus dry weight
Fresh callus (0.4 g) derived from all explant sources, grown under different PGRs was collected, and dried separately at 60
• C at hot air oven for 48 h. Dried callus masses were measured and the percentages of dried biomasses were calculated (i.e. dry wt./total fresh wt. × 100 = %). The differences may be useful to identify embryogenic tissue from the non-embryogenic callus mass.
Development of somatic embryos
Induction of somatic embryo from hypocotyl, epicotyl and root calluses was attempted using 2,4-D (0.45 µM) and BAP (2.22, 4.40, 6.62 and 8.80 µM) . Embryogenic callus became readily distinguishable from non-embryogenic calluses by colour and texture under a dissecting microscope. Embryogenic calluses were used for two experiments. In the first, 200 mg of embryogenic callus was taken and incubated on MS supplemented with BAP (2.22, 4.40, 6.62 and 8.80 µM) and 2,4-D for three weeks to proliferate maximum numbers of embryos. In the second set of experiments, embryos were transferred into the same medium, supplemented with GA3 (1.44 µM) and were kept for additional two weeks. The numbers of globular, heart, torpedo and cotyledonary shaped embryos were counted by compound microscope.
Protein analysis of embryonic tissues
The callus, heart-and torpedo embryos were separated, their proteins were isolated and analysis of protein profile was carried out using polyacrylamide gel electrophoresis.
SDS-PAGE Electrophoresis
The samples for electrophoresis were prepared by homogenization of the separated tissues (0.5 g) separately in maceration plate with 60 µL of extraction buffer (pH 6.8) containing Tris (6.25%), mercaptoethanol (6.25%) and SDS (2.5%). The homogenized tissues were centrifuged at 10,000 rpm for 10 min at 4
• C. To the supernatant separated from the pellet 200 µL of 10% TCA was added and re-centrifuged at 6,000 rpm for 5 min. Resulting pellet was collected and dissolved in small volume of extraction buffer. The sample solution was warmed at 100
• C for 5 min, cooled and stored at 4
• C until use. Prior to loading, bromophenol blue was added with sample solution in the ratio of 1:3. The gel slab was separated and kept for staining (Coomassie Blue R-250). The stained bands were photographed by using a UV Mitsubishi gel documentation system.
Multiple shoot formation from embling
In vitro raised emblings (embryo derived lings/plantlets) with nodes were inoculated on regeneration medium for inducing multiple shoots as each somatic embryo normally produced single plantlet. The MS was fortified with a range of BAP (1.11, 2.22, 4.40, 6.62, 11.12 and 22.2 µM) , in another set of experiments shoot multiplication was also attempted in MS added with different concentrations of kinetin (1.16, 2.32, 4.60, 6.92, 11.62 and 23.2 µM). The same MS was also used as liquid medium that was devoid of agar and was kept on gyratory-shaker at 120 strokes per min in continuous (16 h) light. In all cases, the pH of the medium was 5.8 containing 3% sucrose, 100 mg L −1 meso inositol with usual range of PGRs. The cultures were incubated under earlier described light and temperature conditions.
Induction of roots
Shoots (embryo derived) were excised (3-4 cm) and placed on MS solid medium supplemented individually with 2.85, 5.71, 11.42 µM IAA; 2.68, 5.37, 10.74 µM NAA; and 2.46, 4.90, 9.80 µM IBA for rooting. The data were scored after six weeks of incubation under standard light and temperature conditions.
Statistical analysis
The data were analyzed by one-way analysis of variance. Values are means of at least three replicates of two experiments and the mean values are separated using Duncan Multiple Range Test (DMRT) at P ≤ 0.05.
Results
Callus induction
The treatment of 2,4-D at lower concentration (0.45 µM) was inactive and produced hardly any response irrespective to explants sources. Higher concentrations (6.78 µM or above) proved to be inhibitory and induced callus with poor intensity and at a lower frequency. The hypocotyl and shoot were more responsive compared to root. NAA on the other hand, showed no effect at lower concentration (0.53 µM) but at higher doses callusing occurred and at a maximum frequency of 65.2% at 2.68 µM from hypocotyl, followed by 64.0% at 5.37 µM. The use of IAA was also noted to be effective, preferably at 2.85-5.71µM with a maximum callusing frequency of 65%. Hypocotyl was identified as most responsive explant while 2,4-D (4.52 and 2.26 µM) was most effective PGR (Table 1) .
Callus biomass (dry weight)
The biomasses from each and every explant source showed different dry weights. Among the used treatments of 2,4-D, NAA, and IAA, the 4.52-6.78 µM of 2,4-D, 5.37-8.05 µM NAA and 5.71-8.56 µM IAA showed maximum dry biomass (0.03 g i.e. 0.75%), but in all observed experiments, the dry weight of hypocotyl callus was maximum. The callus was friable, yellowish, granulated and embryogenic in nature (Fig. 1a) . The induced calluses from other explants and treatments were pale yellow in colour, compact in nature and showed less dry weight, later observed to be non embryogenic. Means with common letters within each column are not significantly different at p ≤ 0.05 according to DMRT. Data were scored after 6th weeks of culture.
Development of somatic embryos Effect of 2,4-D and BAP Hypocotyl induced friable and yellowish callus produced embryos only, this callus possessed thick and dense cytoplasm with numerous starch and fat inclusions (unpublished) while calluses from other sources were non embryogenic, and did not have such dense cytoplasm and fat inclusions. In medium without 2,4-D a great fall in embryo formation was noticed (10%) from hypocotyl callus. The medium with low concentration of 2,4-D (0.45 µM) and higher level of BAP (6.62 µM) showed maximum somatic embryos (70%). The nearly equal level of 2, 4-D (2.26 µM) and BAP (2.22 µM) had a very poor effect on embryogenesis (2.2%, not shown in Table) . The percentage of SE was raised from 2.2 % to 70.5% when the 2,4-D level was decreased (from 2.26 to 0.45 µM) and the BAP concentration went up (from 2.22 to 6.62 µM). The high concentration of BAP (>8.90 µM)) with low 2,4-D (0.45 µM) was less effective during embryo induction (Table 2) . Within three weeks, the calluses showed to produce embryos (Fig. 1b,c) , the maximum proliferation of globular embryos (45 embryos/200 mg callus mass /3 weeks incubation) was noted on medium added with 2,4-D (0.45 µM) and BAP (6.62 µM). The globular embryos progressed to heart and torpedo in the same medium that were maintained with regular sub culturing. Next stage of advancement was not, however, attained in this hormonal combination although the proliferation of somatic embryos was continued. Cotyledonary, torpedo and advanced heart shaped embryos were more frequently developed on another treatment that was added with a low level of GA 3 (1.44 µM), and was no- G -Globular, H -Heart, T -Torpedo, C -Cotyledonary, Hypo -Hypocotyl, Epi -Epicotyl, R -Root Means with common letters within each column are not significantly different at p ≤ 0.05 according to DMRT. ticed after another two weeks of incubation (Table 3) . The torpedo embryo subsequently passed into cotyledonary embryos and germinated (Figs 1d,e) into complete plantlets with, without or less developed roots.
Embryogenic proteins
When protein profiles of differentiated tissues were compared we noted a 38 and 33 kD proteins were present in torpedo embryos, which were absent in callus and heart embryos (Fig. 2) . Many of the bands were, however, same and occurred at all three different stages of development; a few unidentified low intensity bands were also appeared towards embryo (torpedo stage) maturity. Means with common letters within each column are not significantly different at p ≤ 0.05 according to DMRT. Data were scored after 6th weeks of culture.
Multiple shoot formation from embling Somatic embryo raised emblings with nodes were cultured on regeneration medium for inducing multiple shoots. A varied number of shoots were recorded on medium containing BAP (1.11-22.2 µM). It is clear from the Table 4 that the BAP level present in medium directly influenced shoot formation. At lower concentration, shoot induction was very poor and maximum frequency and numbers were only observed at 2.22 µM of BAP where plantlets also grew well. BAP at 4.40 µM was also equally effective for shoot formation and Means with common letters within each column are not significantly different at p ≤ 0.05, according to DMRT. Data were scored after 6th weeks of culture. Means with common letters within each column are not significantly different at p ≤ 0.05 according to DMRT. Data were scored after 6th weeks of incubation.
growth. Addition of BAP concentration further (11.12 µM or more) reduced shoot number considerably. Shoot multiplication was also accomplished in MS supplemented with different concentrations of kinetin (Table 4 ). The regeneration frequency was significantly poor when the medium contained low level of kinetin (1.16 µM), increase in concentration improved shoot production, however, marginally (2.4-3.2 shoots/explant). The other treatments of higher concentrations (6.92-23.20) did not have much influence on shoot production.
Shake culture and shoot formation
The agitation of the liquid medium promoted shoots bud induction (Fig. 1e) and proliferation (9-12 shoots/ explant). The higher concentrations of BAP (11.12-22.20 µM) were again proved to be less effective.
Rooting
Excised shoots raised from emblings required treatments to induce roots, so we used various auxins to promote roots. All the tested auxins produced roots at variable number but NAA (5.37 µM) was most superior auxin identified compared to other auxins (Table 6 ).
Discussion
In this present investigation a variety of explants (hypocotyl, epicotyl and root) from Catharanthus roseus seedlings were used, and callus was induced, but with remarkable differences in callus yield among the different explant sources. The PGRs like NAA, IAA and 2,4-D were very active for obtaining callus however, the required concentrations varied significantly from one explant to other in C. roseus. Similar observation of differential requirement was previously observed in other groups of plants and this may be due to different physiological status existed among the explants (Cavallini & Natali 1989; Kintzios et al. 2000) . The developmental status of the explants influences culture establishment and only the young tissue like hypocotyl responded well in culture in Catharanthus. Juvenile tissues and increased response was previously reported by several workers (Wernicke & Milkovits 1984; Morrish et al. 1987; Mujib et al. 1996) . In the present investigation of Catharanthus, we observed that the calluses from two or more explant sources were different not only morphologically but their behaviour was also different. In hypocotyl callus, the cells acquired embryogenic competence, developed embryos and ultimately germinated into plantlets, this embryogeny is very similar to zygotic embryo development (if not identical), while in epicotyl or root-callus the embryogenic signal is either entirely absent or not communicated to those cells. What is/are the signal(s) that is/are present in callus in one source explant and absent in others, which triggers in vitro embryogenesis is not clear as yet. In C. roseus, once transition (vegetative to reproductive stage) has been attained, embryo mother cells readily produced embryos in culture where PGRs play a central factor in the establishment of SE. The presence of 2,4-D was found to be necessary for the induction and early development perhaps up to globular stage of embryo where a moderate to lower concentrations were reported to be very effective (Vasil & Vasil 1982; Tabei et al. 1991; Noel et al. 1992; Gray et al. 1993) .
Various biochemical approaches are currently being in use to identify specific molecular marker(s) at different stages of morphogenesis, which generally appear or disappear during developmental stages. Sung & Okimoto (1981) earlier reported two embryogenic proteins which appeared specifically at the time of SE in carrot. Similar result we also experienced when protein profiles of different embryonic tissues were studied and compared under SDS PAGE, a 38 and a 33 kD protein were found in torpedo embryos but these two bands were absent in callus and heart embryos. It was also noted that most of the important bands are common at three different stages of development and as the embryo progressed towards maturity (torpedo stage) a few distinct low intensity bands were also appeared. This alteration in protein profile in Catharanthus is a clear reflection of differential gene activity and we believe that these two proteins might be responsible for embryogenesis in C. roseus. Similar behaviour was noted in other plant groups and has not been very uncommon either in developmental biology (Helleboid et al. 2000; Pasteur et al. 2001) .
In this present study, we also noticed improved proliferation of shoots when embryo generated young nodes were cultured in BAP amended agitated liquid medium. Agitated liquid medium with enhanced shoot production was earlier observed in many other plants (Takayama 1991) . Higher water and nutrient availability to the growing cell cultures may trigger improved proliferation of shoots or embryos (Debergh 1983) . The shoots developed through nodal culture need PGRs treatment for roots, thus in vitro raised plantlets (multiple shoots) have been transferred to different PGRs combinations. In the present study, three auxins IBA, IAA and NAA were tested and we observed that the root formation ability was quite plastic in C. roseus. NAA had little edge over other auxins as maximum number of roots were noted in 4.40 µM NAA added medium, followed by IAA where substantial root formation was also achieved. For root induction, regenerated plantlets were excised and transferred to medium containing various root inducing PGRs and successful root formation has been noticed in several investigated plants (Kevers et al. 1997; Djibril et al. 2001) .
In summary, in this present investigation, a twostep embryogenesis method has been described to obtain emblings in masses and two embryo specific proteins at torpedo stage of embryo has also been identified in C. roseus.
